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SELF-LUBRICATING EXPANSION MANDREL FOR EXPANDABLE TUBULAR 
Cross Reference To Related Applications 
{001] The present application claims tiie benefit of the filing dates of (1) U.S. provisional patent 
application serial no. 60/412,544, attorney docket no 25791.121, filed on 9/20/2002, die disclosure of 
which is incorporated herein by reference. 

|002J The present application is related to the following: (1) U.S. patent application serial no. 
09/454,139. attorney docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent no. 6,328,113, (5) U.S. 
patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. 
pat^t application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/1 8635, attorney docket no. 2579 1 .25.02, filed on 7/9/2000, (1 1) 
U.S. provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisiwial patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application 
serial no. 60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional patent 
application serial no. 60/221,443, attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional 
patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. 
provisional patent application serial no. 60/233,638, attorney docket no. 25791 .47, filed on 9/1 8/2000, (2 1 ) 
U.S. provisional patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
1 0/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney docket no. 2579 1 .50, 
filed on 2/20/2001, (23) U.S. provisional patent application serial no. 60/262,434, attorney docket no. 
25791.51, filed on 1/17/2001, (24) U.S. provisional patent application serial no. 60/259,486, attorney 
docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application serial no. 60/303,740, 
attorn^ docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional patent application serial no. 
60/313,453, attorney docket no. 25791.59, filed on 8/20/2001, (27) U.S. provisional patent application 
serial no. 60/317,985, attorney docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent 
application serial no. 60/33 18,386, attorney docket no. 25791.67.02, filed on 9/10/2001, (29) U.S. utility 
patent application serial no. 09/969,922, attorney docket no. 25791 .69^ filed on IQ/3/10QU (30) U.S. utility 
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patent application serial no. 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (31) U:S. 
provisional patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on 12/27/2001, 
(32) U.S. provisional patent application serial no. 60/346,309, attorney docket no 25791.92, filed on 
1/7/2002, (33) U.S. provisional patent application serial no. 60/372,048^ attorney docket oo. 25791.93, 
filed on 4/12/2002, (34) U.S. provisional patent application serial no. 60/380,147, attorney dodcet no. 
25791.104, filed on 5/6/2002, (35) U.S. provisional patent application serial no. 60/387,486, attorney 
docket no. 25791 .107, fded on 6/10/2002, (36) U.S. provisional patent ^plication serial no. 60/387,961, 
attorney docket no. 25791.108, fded on 6/12/2002, (37) U.S. provisimal patent application serial no. 
60/394,703, attorney docket no. 25791.90, filed on 6/26/2002, (38) U.S. provisional patent application 
serial no. 60/397,284, attorney docket no. 25791.106, filed on 7/19/2002, (39) U.S. provisional patent 
application serial no. 60/398,061, attorney docket no. 2579L1 10, filed on 7/24/2002, (40) U.S. provisional 
patent application serial no, 60/405,610, attorney docket no. 25791.1 19, filed on 8/23/2002, (41) U.S. 
provisional patent application serial no. 60/405,394, attorney docket no. 25791 .120, filed on 8/23/2002, 
(42) U.S. provisional patent application serial no. 60/412,542, attorney docket no. 25791.102, filed on 
9/20/2002, (43) U.S. provisional patent application serial no. 60/412,487, attorney docket no. 25791.1 12, 
filed on 9/20/2002, (44) U.S. provisional patent application serial no. 60/412,488, attorney docket no. 
25791.114, filed on 9/20/2002, (45) U.S. provisional patent application serial no. 60/412,177, attorney 
docket no. 25791 .1 17, filed on 9/20/2002, (46) U.S. provisional patent application serial no. 60/412,653, 
attorney docket no. 25791.118, filed on 9/20/2002, (47) U.S. provisicmal patent application swial no. 
60/412,544, attorney docket no. 25791.121, filed on 9/20/2002, (48) U.S. provisional patent application 
serial no. 60/412,196, attorney docket no. 25791.127, filed on 9/20/2002, (49) U.S. provisional patent 
application serial no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/2002, and (50) U.S. 
provisional patent application serial no. 60/412,371, attwney docket no. 25791.129, filed on 9/20/2002, the 
disclosures of which are incorporated herein by reference. 

Background of the Invention 
|0031 This invention relates generally to wellbore casings, and in particular to wellbore casings that are 
formed using expandable tubing. 

1004] Conventionally, when a wellbore is created, a number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent undesired outflow of drilling fluid into the formation 
or inflow of fluid from the formation into the borehole. The borehole is drilled in intervals whereby a 
casing which is to be installed in a lower borehole interval is lowered tiirough a previously installed casing 
of an upper borehole interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a nested arrangement witli 
casing diameters decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wall to seal the casings fix)m the borehole wall. As a consequence 
of this nested arrangement a relatively large borehole diameter is required at the upper part of the wellbore. 
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Such a large borehole diameter involves increased costs, due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreovw, increased drilling rig time is 
involved due to required cement pumping, cement hardening, reqiiired equipment changes due to large 
variations in hole diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

(005] Conventionally, at the surface end of the welibore, a wellhead is formed that^icaliy includes a 
surface casing, a number of production and/or drilling spools, valving, and a Christmas tree. Typically the 
wellhead further includes a concentric arrangement of casings including a production casing and one or 
more intermediate casings. The casings are typically supported using load bearing slips positioned above 
the ground. The conventional design and construction of wellheads is expensive and complex. 
(006] Conventionally, a wellbore casing cannot be formed during the drilling of a wellbore. Typically, 
the wellbore is drilled and then a wellbore casing is formed in the newly drilled section of the wellbore. 
This delays the completion of a well. 

[007] The present invention is directed to overcoming one or more of the limitations of the existing 
procedures for foraiing wellbores and wellheads. 

Summary Of The Invention 
fOOSJ According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expandmg a tubular member is provided that inchides a housing havmg a tapered outer surface, one or 
more grooves formed in the tapered outer sur&ce, and a solid lubricant deposited into one or more of the 
grooves. 

[009] According to one aspect of the present invention, a self-luMcating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, one or 
more grooves formed in the tapered outer surface, and a self-lubricating fdm. deposited onto the surface and 
into one or more of the grooves. 

1001 0] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided tliat includes a housing having a tapered outer surface, one or 
more grooves formed in the tapered outer surface, and a fluoropolymer coating deposited onto the surface 
and into one or more of the grooves. 

1001 1] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, one or 
more grooves formed in the tapered outer surface, and a thermo-sprayed coating deposited ontathe surface 
and into one or more of die grooves. 

IO0I21 According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a pattern of 
grooves formed in the tapered outer surface, and a solid lubricant deposited into the pattern of grooves. 
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[0013] According to one aspect of the present invention^ a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a pattern of 
grooves formed in the tapered outer surface, and a self-lubricating fihn deposited onto die surface and into 
the a pattern of g^ves. 

10014] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing havingatapertd outer surface, apattem of 
grooves formed in the tapered outer surface, and a fluorc^lymer coating deposited onto the surface and into 
the pattern of grooves. 

[0015] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a pattern of 
grooves formed in the tapered outer surface, and a theimo-sprayed coating deposited onto die surface and 
into the pattern of grooves, 

(0016] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a textured 
surface formed in the tapered outer surface, and a solid lubricant deposited into the textured surface. 
[0017] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tq)ered outer surface, a textured 
surface formed in the tapered outer surface, and a self lubricating film deposited onto the textured surface. 
[0018] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that iiicludes a housing having a tapered outer surface, a textured 
surface formed in the tapered outer surface, and a fluoropolymer coating deposited onto the textured 
surface. 

[0019] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a textured 
surface formed in the tapered outer surface, and a thermo-sprayed coating deposited onto the textured 
surface. 

[0020] According to another aspect of the invention the grooves, pattern or textured surface comprises 
with troughs to having depths of between I and 4 microns deep and the thin fihn is deposited into the 
troughs. 

[0021] According to another aspect of the invention the grooves, pattern or textured surface comprises 
troughs to having depths of between 10 and 5.0 microns deep and the flouropolymer coating is deposited 
into the troughs. 

[00221 According to another aspect of the inventipn the grooves, pattern or textured surface comprises 
troughs to having depths of between 50 and 1 50 microns deep and the thermo-sprayed coating is deposited 
into the troughs. 
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[0023] According to another aspect of the present invention, a method of expanding a tubular member in 
a wellbore is provided that includes forcing a lubricating grease from inside the expansion mandi^l to the 
interface between the tubular member and the mandrel while the tubular member is being expanded by the 
mandrel within the wellbore. 

[0024] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface one or more 
grooves formed in the tapered outer surface, and one or more grease flow passages connected through the 
housing to one or more of the grooves. 

[0025] According to one aspect of the present invention, a self-iubricating expansion mandrel for 
expanding a tubular memberis provided that includes a housing having a tapered outer surface one or more 
grooves formed in the tapered outer surface, and one or more grease flow passages connected through the 
housing to one or more of the grooves and means for forcing a lubricating grease through the grease flow 
passages into the grooves formed on the tapered outer surface of the mandrel. 

[0026] According to another aspect of the present invention, a self-lubricating expansion mandrel for 
expandmg a tubular member is provided that includes a housing having an outer tapered surface including, 
one or more circumferential grooves formed in the outer surface of the tapered first end, and one or more 
grease flow passages connected through the mandrel housing to the grooves, and means for forcing a 
lubricating grease through the grease flow passages into the one or more circumferential grooves formed on 
the surface of the mandrel. 

[0027] According to anodier aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing including an outer surface having one or 
more axial grooves formed in the outer surface of the tapered middle, and one or more grease flow 
passages connected through the mandrel housing to the grooves, and means for forcing a lubricating grease 
through the grease flow passages into the one or more axial grooves formed on the surface of the mandrel. 
[0028] According to another aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having an outer surface including one or 
more grooves formed in the outer tapered surface and ftirther having a textured pattern comprising axial 
and circumferential components, and one or more grease flow passages connected to the grooves, and 
means for forcing a lubricating grease through the grease flow passages into grooves formed on the surface 
of the mandrel. 

Brief Description of the Drawings 
(00291 FIG. 1 is a firagmentary cross-sectional view illustrating the placement of an embodiment of an 
apparatus for creating a casing within a new tubular member section of a well borehole, an expansion 
mandrel and the injection of a fluidic material into a new tubular section of the well borehole for 
hydraulicly moving the expansion mandrel through and thereby expanding the tubular member. 
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(0030] FIG. 2 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a horizontal or circumferential groove for retaining grease, a flouropolymer, a 
thermo-sprayed coating, a tfiin self-lubricating film or another solid lubricant, according to certain aspects 
of the invention. 

[0031] HG. 3 is a fragmentary cross-sectional view of another alternative embodiment of a self- 
lubricating expansion mandrel according to certain aspects of the invention. 

[0032] FIG. 4 is a fragmentary cross-sectional view of another alternative embodiment of a self- 
lubricating expansion mandrel according to certain aspects of the invention. 

[0033] FIGS. 5A-E are examples of groove or texture patterns tiiat may be used according to certain 
aspects of th present invention. 

[0034] FIGS. 6A-£areexamplesofsurfaceprofilestiiatmaybeusefr]laccordingtocertainaspectsoftfae 
present invention. 

[0035] FIG. 7A-C is a schematic depiction a single exemplary trough or groove of a pattern or textured 
surface of a self-lubricating expansion mandrel subjected to a series of steps for 7 A forming the trough, 
7B depositing a thin self-lubricating film, and 7C retaining the self-lubricating film in the trough for the 
self-lubricating expansion mandrel. 

[0036] FIG. 8A-C is a schematic depiction a single exemplary trough or groove of a pattern or textured 
surface of a self-lubricating expansion mandrel subjected to a series of steps for 8A forming the trough, 
8B depositing a flouropoiymer coating, and 80 retaining the flouropolymer coating in the trough for the 
self-lubricating expansion mandrel. 

[0037] FIG.9A-C is a schematic depiction a single exemplary trough or groove of a pattern or textured 
surface of a self-lubricating expansion mandrel subjected to a series of steps fon 9A forming' the trough, 
9B depositing a thermo-sprayed coating, and 9C retaining the thermo-sprayed coating in the trough for the 
self-lubricating expansion mandrel. 

[0038] FIG. 1 0 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a horizontal groove for receiving, retaining 
and providing grease to the surface of a self-lubricating expansion mandrel according to certain aspects of 
the invention. 

[0039] FIG. 1 1 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a groove pattern with circumferential and 
axial components for receiving, retaining and providing grease to the surface of a self-lubricating 
expansion mandrel according to certain aspects of the invention. 

[0040] FIG. 12 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a groove and a textured surface pattern for 
receiving, retaining and providing grease to the surface of a self-lubricating expansion mandrel according 
to certain aspects of the invention. 
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Detailed Description of the Dlustrative Embodiments 
[0041] A self-lubricating expansion mandrel is provided. In a exemplary implementation, the self- 
lubricating expansion mandrel is used in conjunction widi one or more methods for expanding tubular 
members. In this manner, the expansion of a plurality of tubular members coupled to one anoth^ using fte 
self-lubricating expansion mandrel may be optimized. 

10042] Alternative embodiments of a self-lubricating expansion mandrel is also provided to fomi a self- 
lubricating expansion mandrel. In illustrative implementations, the self-lubricating expansion mandrel 
includes one or more circumferential grooves, one or more axial grooves, both circumferential and axial 
grooves, one or more patterns of grooves having circumferential and axial components of lengtfi and width, 
and/or surface textures for holding and providing a supply of grease, solid lubricant, thermo-sprayed 
coatings, fluoropolymer coatings, and/or self-lubricating films to surface of the self-lubricating expansion 
mandrel and to the interface between the tapered outer surface of the self-lubricating expansion mandrel 
and a tubular member during the radial expansion process. In this manner, the frictional forces created 
during the radial expansion process are reduced which results in a reduction in the required operating 
pressures for radially expanding the mbular member. The depth of the grooves, patterns, or textuied 
surface is selected to facilitate maintaining the supply of lubrication through a period of the expansion 
process depending in part upon the type of lubrication whether grease, solid lubricant, thermo-sprayed 
coating, fluoropolymer coating or dim self-lubricating fihn. 

[0043] In several alternative embodiments, the apparatus and metiiods are used to form and/or repair 
wellt)ore casings, pipelines, and/or structural supports: 

10044] Referring initially to FIGS. 1-4, embodiments of unproved apparatus and method using a self- 
lubricating expansion mandrel for forming a wellbore casing within a subterranean formation will now be 
described. 

[0045] FIG. I is a fragmentary cross-sectional view illustrating the placement of^ embodiment of an 
apparatus for creating a casing within a new tubular member section of a well borehole, an expansion 
mandrel and the injection of a fluidic material into a new tubular section of the well borehole for 
hydraulicly movmg the expansion mandrel through and thereby expanding die tubular member. As 
illustrated, a wellbore 100 is positioned in a subterranean formation 105. The wellbore 100 includes an 
existing cased section 110 having a tubular^sing 1 15 and an annular outer layer of cement 120. 
[0046] In order to extend Uie wellbore 100 into the subterranean formation 1 05, a drill string 125 is used 
in a well known manner to drill out material from Uie subterranean formation 105 to form a new section 
130. 

[0047] As illustrated, an apparatus 200 for forming a wellbore casing in a subterranean formation is then 
positioned in die new section 1 30 of the wellbore 1 00. The apparatus 200 includes an expansion mandrel 
205, a tubular member 2 1 0, a shoe 2 1 5, a lower cup seal 220, an upper cup seal 225, a fluid passage 230, a 
fluid passage 235, a fluid passage 240, seals 245, and a support member 250. 
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10048] The expansion mandrel 205 is coupled to and supported by the support member 250. The 
expansion mandrel 205 is preferably adapted to controllably expand in a radial direction. The expansion 
mandrel 205 may comprise any number of conventional commercially available expansion mandrels 
modified in accordance with the teachings of the present disclosure to form a self-lubricating e;q)ansjon 
mandrel 205. In an illustrative embodiment, the e}q>ansion mandrel 205 comprises a hydraulic expansion 
tool as disclosed in U.S. Pat^t No. 5^48,095, the contents of which are incorporated herein by reference, 
modified in accoidance with the teachings of the present disclosure. 

(0049] The tubular member 210 is supported by the self-lubricating expansion mandrel 205. Thetubular 
member 2 1 0 is expanded in the radial direction and extruded off of die self-lubricating e^qpansion mandrel . 
205. The tubuiar member 210 may be fabricated from any number of conventional commercially available 
materials such as, for exan^le, Oilfield Country Tubular Goods (OCTG), 1 3 chromium steel tubing/casing, 
or plastic tubing/casing. In a preferred embodiment, the tubular memba*2 10 is fabricated from CKUTG in 
order to maximize strength after expansion. The inner and outer diameters of the tubular member 210 may 
range, for example, fix)m approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a 
preferred embodiment, the inner and outer diameters of the tubular member 210 range from about 3 to 1 5,5 
inches and 3.5 to 16 inches, respectively in order to optimally provide minimal telescoping effect in the 
most commonly drilled wellbore sizes. The tubular member 210 preferably comprises a solid member. 
[0050] In a preferred embodiment^ the end portion 260 of the tubular m6mber2 10 is slotted^ perforated, or 
otherwise modified to catch or slow down the mandrel 205 when it completes the extnisiori of tubular 
member 210. In a preferred embodiment, the length of the tubular member 2 1 0 is limited to minimize the 
possibility of buckling. Fortypical tubular member 210 materials, die length of thetubularmember210 is 
preferably limited to between about 40 to 20,000 feet in length. 

[0051] The shoe 215 is coupled to the self-lubricating expansion mandrel 205 and the tubuliar member 
210. The shoe 215 includes fluid pas^ge 240. The shoe 215 may comprise any number of conventional 
commercially available shoes such as, for example. Super Seal n float shoe. Super Seal II Down-Jet float 
shoe or a gu ide shoe with a sealing sleeve for a latch down plug modified in accordance with the teachings 
of the present d isclosure. In a preferred embodiment, the shoe 2 1 5 comprises an aluminum down-jet guide 
shoe with a sealing sleeve for a latch-down plug available from Halliburton Energy Services in Dallas, TX, 
modified inaccordance with the teachings of the present disclosure, in order to optimally guide the tubular 
member 210 in the wellbore, optimally provide an adequate seal between the interior and exterior 
diameters of the overlapping joint between the tubular members, and to optimally allow the complete drill 
out of the shoe and pluc after the completion of the cementing and expansion operations. 
[0052] The shoe 215 liiustrated in Fig. 1, includes one or more through and side outlet ports in fluidic 
communication with the fluid passage 240. In this manner, the shoe 215 optimally injects hardenable ' 
fluidic sealing material into the region outside the shoe 215 and tubular member 210. 
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[00531 In the embodiments as depicted in FIGS. 2-4, the fluid passage 240 comprising an inlet 

geometry that can receive a dart and/or a ball sealing memb^. In this manner, the fluid passage 240 can be 
optimally sealed oflFby introducing a plug, dart and/or ball sealing elements into ttie fluid passage 230. 
[00541 In the illustrative embodiment depicted, a lower cup seal 220 is coupled to and supported by a 
support member 250. The lower cup seal 220 prevents foreign materials from entering the interior region 
of the tubular member 210 adjacent to the self-lubricating expansion mandrel 205. The lowwcup seal 220 
may comprise any number of conventional conmiercially available cup seals such as, for example, TP cups, 
or Selective Injection Packer (SIP) cups modified in accordance mtk tiie teachings of the present 
disclosure. In a prefeired embodiment, the lower cup seal 220 comprises a SIP cup seal, available from 
Halliburton Energy Services in Dallas, TX in order to optimally block foreign material and might also - 
contain a body of lubricant adjacent to die expansion mandrel. 

[0055] The upper cup seal 225 is coupled to and supported by the support member 250. The upper cup 
seal 225 prevents foreign materials from entering the interior region of die tubular member 2 1 0. The upper 
cup seal 225 may comprise any number of conventional commercially available cup seals such as, for 
example, TP cups or SIP cups modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the upper cup seal 225 comprises a SIP cup, available from Halliburton Energy 
Services in Dallas, TX in order to optimally block the entry of foreign materials and contain a body of 
lubricant 

[0056] The fluid passage 230 permits fluidic materials to be transported to and from the intCTior region of 
the tubular member 210 below the self-lubricating expansion mandrel 205. The fluid passage 230 is 
coupled to and positioned within the support member 250 and the self-lubricating expansion mandrel 205. 
The fluid passage 230 preferably extends from a position adjacent to the surface to the bottom of the self- 
lubricating expansion mandrel 205. The fluid passage 230 is preferiably positioned along a centerline of 
the apparatus 200. 

[0057] The fluid passage 240 permits fluidic materials to be transported to and from the region exterior to 
the tubular member 210 and shoe 215. The fluid passage 240 is coupled to and positioned widiin the shoe 
21 5 in fluidic communication with the interior region of the tubular member 210 below the self lubricating 
expansion mandrel 205. The fluid passage 240 preferably has a cross-sectional shape that permits a plug, 
or other similar device, to be placed in fluid passage 240. to thereby block furUier passage of fluidic 
materials. In this manner, the interior region of the tubular member 210 below tiie self-lubricating 
expansion mandrel 205 can be fluidicly isolated from the region exterior to the tubular member 210. This 
permits the interior region of the tubular member 2 1 0 below^the self lubricating expansion mandrel 205 to 
be pressurized. The fluid passage 240 is preferably positioned substantially along the centerline of the 
apparatus 200. . ' 

[00581 The fluid passage 240 is preferably selected to convey materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in 
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order to optimally fill the annular region between the self-lubricating expansion mandrel and the tubular 
section so that the tapered or expansion conical surface of the mandrel is forced against the inside diameter 
of ibt tubular section to thereby expand the tubular member to the size of the maximum diameter of the 
self-lubricating expansion mandrel. 

[0059] Pumpmg the fluid hydraulically forces the exterior tapered or conical sur&ce of the self- 
lubricating expansion mandrel into direct sliding ccmtact with the ID of the tubular member as the material 
of the tubular member is plastically deformed beyond the elastic limit of the tubular member thereby 
permanmtly deforming the tubular member to a lai^er diameter, significant pressure and heat are generated 
at the intoiace b^een the tubular member and the surface of the self-lubricating expansion mandrel. 
The use of a self-lubricating expansion mandrel reduces the fiiction and facilitates the prevention of 
galling as a result of instantaneous surface to sur&ce "welding" and subsequent relative movement that 
can occur when two metals slide under hig^ pressure without lubrication. 

10060] The self-lubricatmg expansion mandrel provides grooves or troughs in a textured surface that are 
below the surface to surface interface contact area of the expansion mandrel, these troughs or grooves are 
filled with grease or with materials that are solid under normal heat and pressure conditions and that act as 
lubricants under high temperature and pressure conditions. Being solid or having a very high viscosity 
such as with grease, allows the lubricant to be retained within the groove or trough the relative motion and 
extreme pressure between the mandrel and the tubular member cause small quantities of the material to 
move between the interface contacting surfaces to act as a lubricant. The grooves or troughs act as relative 
low pressure areas on the interface surface so that a substantial quantity of the lubricant continues to be 
retained during the expansion. Only small quantities are required to avoid metal to metal contact at the 
solid liibricant until interface. 

(0061 ] The seiif-lubricating expansion mandrel 205 preferably has a substantially annular cross section. 
The outside diameter of the self-lubricating expansion mandrel 205 is preferably tapered from a minhnum 
diameter to a maximum diameter to provide a cone shape expansion surface. The wall thickness of the 
self-lubricating expansion mandrel 205 may range, for example, from about 0.125 to 3 inches. In a 
prefmed embodiment, the wall thickness of the self-lubricating expansion mandrel 205 ranges from 
about 0.25 to 0.75 inches in order to optimally provide adequate compressive strength with minimal 
material. The maximum and minimum outside diameters of tiie expansion cone 928 may range, for 
example, from about I to 47 inches. In a preferred embodiment, the maximum and minimum outside 
diameters of the ^elf-lubricating expansion mandrel range from about 3.5 to 19 in order to optimally 
provide expansion of generally available oilfield tubular members. 

10062] The self-lubricating expansion mandrel 205 may be fabricated from any number of conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium or low alloy steel. In a 
preferred embodiment, the self-lubricating expansion mandrel 205 is fabricated from tool steel in order to 
optimally provide high strength and abrasion resistance. The surface hardness of the outer surface of the 
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self-lubricating expansion mandrel may range, for example^ from about 50 Rockwell C to 70 Rockwell C. 
In a preferred embodiment, the surface hardness of the outer surface of self-lubricating expansion 
mandrel 205 ranges from about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
str»igth. In a preferred embodiment, the self-lubricating expansion mandrel is heat treated to optimally 
provide a hard outer surface and a resilient interior body in order to optimally provide abrasion resistance 
and fracture toughness. 

(0063) FIG. 2 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having one or more circumferaitial grooves 12 for retaining and distributing grease, or 
another solid lubricant, according to certain aspects of the invention. Large and deep grooves are desirable 
for raining sufficient quantities of grease. Progressively smaller and more shallow grooves are desirable 
for retaining a fluoropolymer material, a thermo-sprayed coating, and a thin self-lubricating film. 
10064] FIG. 3 is a fragmentary cross-sectional view of another alternative embodiment of a self- 
lubricating expansion mandrel having one or more axially aligned grooves 1 4 for retaining and distributing 
grease, or another solid lubricant, according to certain a^}ects of the invention. Large and deep grooves are 
desirable for retaining sufficient quantities of grease. Progressively smaller and more shallow grooves are 
desirable for retaining a fluoropolymer material, a thermo-sprayed coating, and a thin self-lubricating fihn 
according to certain 

[0065] FIG. 4 is a fragmentary cross-sectional view of another alternative embodiment of a self- 
lubricating expansion mandrel having a pattern of grooves 16 with circumferential and axial components 
for retaining and distributing grease, or another solid lubricant, according to certain aspects of the 
invention. Large and deep grooves are desirable for retaining sufficient quantities of grease. Progressively 
smaller and more shallow grooves are desimble for retaining a fluoropolymer material, a thermo-sprayed 
coating, and a thin self-lubricating film according to certain aspects of the mvention. 
[0066] FIGS. 5A-E are examples of groove or texture patterns 16A-16E that may be used according to 
certain aspects of th present invention. 

[0067] FIGS. 6 A and 6B are examples of surface profiles 1 8 A and 1 8B that may be useful according to 
certain aspects of the present invention. 

[0068] Fig 6A depicts a surface profile that comprises large and small troughs 20 and 22, respectively, 
that may be regularly repeated to provide one of the patterns 1 6A-1 6E as in FIGS 5A-E or otiier patterns. 
|0069) Fig. 6B depicts a surface profile that comprises generally regular or uniform peaks 24 and 
troughs 26. The troughs 26 and peaks 24 are depicted as relatively equal in size and number, however it 
will be understood that many of die patterns 16 of grooves or troughs contemplated will provide 
significantly more contact surface area 28 than the total of all area covered by the troughs. The contact 
pressure is not significantly increased by the removal of metal contact area through the formation of 
grooves, a pattem or a textured surface. 
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[0070] FIGS. 7A-C schematically depict the formation of a single exemplary trough .30 or groove of a 
pattern 16 or textured surface comprising a plurality of such grooves or troughs to form the tapered outer 
expansion surface 32 of a self-lubricating expansion mandrel 205 where the solid lubrication is provided 
by the deposition of a thin self-lubricating fiUn 34. Such fiUns may comprise Balinic C or other diamond- 
likeKxmting (DLC) preferably deposited as a tightly bonding surfece coating having a thicknesses of less 
than about 5 microns. The grooves or troughs 30 ofFIGS7A-C are preferably in the range of from about 
1 micron to 4 microns deep 36 and from about I micron to about 4 microns mde 38 to fecilitate holding a 
quantity of the deposited thin self-lubricating film 34 within the grooves or troughs 30. A portion will be 
retained even with and below the metal contacting tapered sur£»:e 32. FIG. 7A dq)icts fonning the trougjh 
30 into die t^)ered surfece 32. FIG. 7B depicts depositing a thin self-lubricating film 34 between about 1 
and 4 microns thick 3 5 and in an exemplary embodiment are of even thickness vvath or slightly thicker than 
thetrough30isdeep36. FIG. 7C depicts a quantity ofthe self-lubricating film 34 retained in the trough 
30, after final machining ofthe tapered surface 32, for providing both the metal contacting areas 32 and a 
retained quantity of self-lubricating film material 34. During expansion of a tubular member 210, the 
lubrication is provided fit)m the trough 30 to the tapered expansion surface 32 of the self-lubricating 
expansion mandrel 205. 

[00711 FIG. 8A-C schematically depict the formation ofa single exemplary trough _40 or groove of a 
pattern 16 or textured surface comprising a plurality of such grooves or troughs form into a tapered 
expansion surface 42 of a self-lubricating expansion mandrel 205 where the solid lubrication is provided 
by the deposition of a fluoropolymer coating 44. Fluoropolymer materials such as PtFE, molybdenum 
disulfide, or graphite, that are solid at ambient temperatures and soft relative to the metal tapered surface 
42 ofthe self-lubricating expansion mandrel 205, may be used for diis purpose. The deposit thickness 45 
of such coatings 44 may be in the range of from 10 to 50 microns and in an exemplary embodiment are at 
least as thick as the grooves or troughs are deep 46. The grooves or troughs 40 of FIGS 8A-C are 
preferably in the range of from about 1 0 micron to 50 microns deep 46 and fit>m about 1 0 micron to about 
50 microns wide 48 and thus designed for the deposition and retention of a fluoropolymer coating 44. FIG. 
8A depicts fonning the trough 40 into the tapered surface 42. FIG. 8B depicts depositing a fluoropolymer 
coating 44 between about 1 0 and 50 microns thick 45 and in an exemplary embodiment are at least as thick 
or thicker than tiie trough is deep 46. FIG. 8C depicts a quantity the fluoropolymer coating 44 retained in 
the trough 40, after final machining of the tapered surface 42, for providing both the metal contacting areas 
42 and a retained quantity of fluoropolymer coating material 44. During expansion of a tubular member 
210, the lubrication is provided from the trough 40 to the tapered expansion surface 42 ofthe self- 
lubricating expansion mandrel 205. 

(0072] FIG. 9A-C schematically depict the formation of a single exemplary trough 50„ or groove ofa 
pattern 16 or textured surface comprising a plurality of such grooves or troughs formed into a tapered 
expansion surface 52 of a selt-lubricating expansion mandrel 205 where the solid lubrication is provided 
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by the deposition of a fluoropolymer coating 54. The grooves or troughs 50 of FIGS, 9A-C are, in an 
exetnplaiy embodiment, in the range of torn about 50 micron to 1 50 microns deep 56 and from about 50 
micron to about 1 50 microns wide 58 thus designed for the deposition and retention of a thermo-sprayed 
coating 54. FIG. 9A depict forming the trough 50 into the tapered surface 52. FIG. 9B depicts depositing 
a thermo-sprayed coating (as by detonation spray) between about 50 and 150 microns thick and, in an 
exemplary embodiment, are at least as thick or thicker than the trough is deep. FIG. 9C d^icts a quantity 
the thermo-sprayed coating 54 retained in the trough 50, after final machining of the tapered surface 52, for 
providing both the metal contacting areas 52 and a retained quantity of the theimo-sprayed coating 
material 54. During expansion of a tubular member 2 1 0, the lubrication is provided from the trough 50 or 
groove to the tapered expansion surfrice 52 of the self-lubricating expansion mandrel 205. 
[0073] FIG. 1 0 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a circumferential groove 12 for receiving, 
retaining and providing grease 61 to the surface 62 of a self-lubricating expansion mandrel 205 according 
to certain aspects of the invention. The grease delivery mechanism 60 comprises a grease supply chamber 
64 within the housing of the self lubricating expansion mandrel and one or more grease passages 68 from 
the grease supply chamber 64 to the outer tapered surface 62 of the self lubricating expansion mandrel 
205. Pressure within passage 230 may communicate with the grease supply chamber 64 to force grease into 
the grooves 12 when the self lubricating expansion mandrel 205 is acting, by the hydraulic forces as 
described with regard to Fig I above, to expand the tubular member 210. 

[0074] FIG. 1 1 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel 205 having a grease delivery mechanism 70, and a groove pattern 16 with 
circumferential and axial components for receiving, retaining and providing grease to the surface 72 of a 
self-lubricating e^ansion mandrel 205 according to certain aspects of the invention. The grease delivery 
mechanism 70 comprises a grease supply chamber 74 within the housing of the self lubricating expansion 
mandrel and one or more grease passages 78 from the grease supply chamber 74 to the pattern of 
grooves 16 formed in the outer tapered surface 72 of the self lubricating expansion mandrel 205. In this 
altemative embodiment, pressure 86 may be separately supplied through a separate pressure line 80 to 
actuate a mechanism 84 such as a piston within the grease supply chamber 74 and to force grease through 
the one or more grease passages 78 into the grooves 1 6. The pressure 84 in the separate pressure line may 
be controlled to increase or decrease the amount of grease 71 delivered to the tapered surface 72 and to 
overcome pressures as might be created at the interface of the tapered surface 72 of the mandrel and the 
tubular member 210 when the self lubricating expansion mandrel205 is acting to expand the tubular 
members 2 10. 

(0075] FIG. 1 2 is a fragmentary cross-sectional view of one altemative embodiment of a self lubricating 
expansion mandrel having a grease deliveiy mechanism 90, and a groove 12 and a textured sur&ce pattern 
16 for receiving, retaining and providing grease to the tapered surface 92 of a self-lubricattng expansion 
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mandrel 205 according to certain aspects of the invention. The combination of grease deliveiy mechanism 
90, groove 12 at the leading edge 94 of the tapered surface 92 and the textured pattern 16 extending from 
the groove 1 2 toward the trailing edge 96 of the t^red surface of the self-lubricating expansion mandrel 
205 &cilitates movement of lubrication to the area on die tapered surface where the clearance between 
tubular and mandrel is minimum and expansion contact forces are found to by the greatest, thereby 
reducing friction and reducing seizing or galling. 

[0076] The lubrication of the interface between an self-lubricating expansion mandrel and a tubular 
member during the radial e^qpansicm process wiU now be described. During the radial expansion process, a 
self-lubricating expansion mandrel radially expands a tubular member by moving in an axial direction 
relative to the tubular member The interface between the outer surface of the tapered portion of the 
expansion cme and die inner surface of the tubular member includes a leading edge portion and a trailing 
edge portion. 

[0077] During the radial expansion process, the leading edge porticHi is lubricated by the presence of 
lubrication provided on the surface of the expansion cone . However, because the radial clearance between 
the expansion cone and the tubular member in the trailing edge portion during the radial expansion process 
is typically extremely small, and the operating contact pressures between the tubular member and the self- 
lubricating expansion mandrel are extremely high, the quantity of lubricating fluid provided to the trailing 
edge portion is typically greatly reduced. In typical radial expansion operations, this reduction in 
lubrication in ttie trailing edge portion increases the forces required to radially expand the tubular member. 
However the retamed solid lubricaticm continues to provide a small quantity of lubrication to keep the 
metal to metal int^ace separated and to reduce the friction. 

[0078] An improved self-lubricating expansion mandrel may be useful for permitting a wellbore casing to 
be formed in a subterranean formation by placing a tubular member and a self-lubricating expansion 
mandrel in a new section of a wellbore, and then extruding die tubular member off of the self-lubricating 
expansion mandrel by pressurizing an interior portion of the tubular member. The apparatus and method 
further permits adjacent tubular members in the wellbore to be joined using an overiapping joint that 
prevents fluid and or gas passage. The apparatus and method further permits a new tubular member to be 
supported by an existing tubular member by expanding the new tubular member into engagement with the 
existing tubular member. The apparatus and method further minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
|0079] An improved self-lubricating expansion mandrel may be useful for permitting a tie-bacleliner to be 
created by extruding a tubular member off of a mandrel by pressurizing and interior portion of tiie tubulai 
member. In this manner, a tie-back liner is produced. The apparatus and method further permits adjacent 
tubular members in the wellbore to be joined using an overlapping joint that prevents fluid'and/or gas 
passage. The apparatus and method further permits a new tubular member to be supported by an existing 
tubular member by expanding the new tubular member into engagement with flie existing tubular member. 

14 



wo 2004/026500 PCT/US2003/025675 

10080] An £q)paratus and method for expanding a tubular member is also provided diat includes an 
expandable tubular member, self-lubricating expansion mandrel and a shoe. In one embodiment, the 
interior portions of the apparatus is composed of materials that permit the interior portions to be removed 
using a conventional drilling apparatus. In this manner, in the event of a malfunction in a downhole 
region, the apparatus may be easily removed. 

[0081] An improved self-lubricating expansion mandrel may be useful for permittmg a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have application to the joining 
of tubular members in general. 

|0082] An improved self-lubricating expansion mandrel may be useful for pennitting a wellhead to be 
formed including a number of expandable tubular members positioned in a concentric arrangement The 
wellhead preferably includes an outer casing that supports a plurality of concentric casings using contact 
pressure between the inner casings and the outer.casing. 

[0083] An improved self-lubricating expansion mandrel may be useful for pemiitting for forming a mono- 
diameter well casing. The apparatus and method permit the creation of awell casing in a wellbore having a 
substantially constant internal diameter. In this manner, the operation of an oil or gas well is greatly 
simplified. 

[0084] An improved seif>lubricating expansion mandrel may be useful for isolating one or more 
subterranean zones from one or more other subterranean zones is also provided. The ^paratus and mediod 
permits a producing zone to be isolated from a nonproducing zone using a combination of solid and slotted 
tubulars. In the production mode, the teachings of the present disclosure may be used in combination with 
conventional, well known, production completion equipment and methods using a series of packers, solid 
tubing, perforated tubing, and sliding sleeves, which will be inserted into the disclosed ^paratus to permit 
the commingling and/or isolation of the subterraiiean zones from each other. 

[0085] An improved self-lubricating expansion mandrel may be useful for forming a wellbore casing 
while the wellbore is drilled is also provided. In this manner, a wellbore casing can be formed 
simultaneous with the drilling out of a new section of the wellbore. Such an apparatus and method may be 
used in combination with one or more of the apparatus and methods disclosed in the present disclosure for 
forming wellbore casings using expandable tubulars. Alternatively, the method and ^paratus can be used 
to create a pipeline or tunnel in a time efficient juanner. 

[0086] Although illustrative embodiments of the invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
instances, some features of the present invention may be employed without a corresponding use of the 
other features. Accordingly, it is appropriate that the appended claims be construed broadly and in a 
maimer consistent with the scope of the invention. 



15 



wo 2004/026500 PCT/US2003/025675 
Claims 

I . A self-lubricating expansion mandrel for expanding a tubular member, comprising: 
a housing including a tapered outer surface; 

one or more grooves formed in the tapered outer surface; and 

solid lubricant retained in one or more of the grooves. 
2: The self-lubricating expansion mandrel of claim 1, wherein the grooves comprise circumferential 
grooves. 

3. The self-lubricating expansion mandrel of claim 1 , wherein 4ie grooves comprise axial grooves. 

4. The self-lubricating expansion mandrel of claim 1, wherein the grooves comprise a pattern of 
grooves with both an axial and a circumferential component. 

5. The self-lubricating expansion mandrel of claim 4, wherein the pattern of grooves comprises a 
textured surface. 

6. The self-lubricating expansion mandrel of claim 1, wherein the solid lubricant retained in one or 
more of the grooves comprises a self-lubricating film. 

7. The self-lubricating expansion mandrel of claim 6, wherein the depth of the grooves is in a range 
of between about 1 and 4 microns. 

8. The self-lubricating expansion mandrel of claim I, wherein the solid lubricant retained in one or 
more of tiie grooves comprises a fluoropolymer coating. 

9. The self-lubricating expansion mandrel of claim 8, wherein thedepth of the grooves is m a range 
of between about 1 0 and 50 microns. 

10. ' The self-lubricating expansion mandrel of claim 1 , wherein the solid lubricant retained in one or 
more of the grooves comprises a thermo-sprayed coating. 

II. . The self-lubricating expansion mandrel of claim 1 0, wherein the depth of the grooves is in a range 
of between about 50 and 150 microns. 

12. A self-lubricating expansion mandrel for expanding a tubular member, comprising: 
a housing including a tapered outer surface; 

one or more grooves formed in the tapered outer surface; and 

solid lubricant retained in a plurality of troughs formed in a tej^tured pattern. 

13. _ The self-lubricating expansion mandrel of claim 12. wherein the solid lubricant retained in the 
plurality of troughs formed in a textured pattern comprises a self-lubriciating film. 

14. The self-lubricating expansion mandrel of claim 13, wherein thp depth of the plurality of troughs 
foimed in a textured pattern is in a range of between about 1 and 4 microns. 

15. The self-lubricdting expansion mandrel of claim 12, wherein tfie solid lubricant retained in the 
plurality of troughs formed in a textured pattern comprises a fluoropolymer coating. 

1 6. The self-lubricatihg expansion mandrel of claim 1 5, wherein the depth of the plurality of troughs 
formed in a textisred pattern is in a range of between about 10 and 50 microns. 
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17. The self-lubricating expansion mandrel of claim 12, wherein the solid lubricant retained in the 
plurality of troughs formed in a textured pattern comprises a thermo-sprayed coating. 

18. The self-lubricating expansion mandrel of claim 12, wherein the depth ofthe plurality of troughs 
formed in a textured pattern is in a range of between about 50 and 1 50 microns. 

19. A self-lubricating expansion mandrel for expanding a tubular member, comprising: 
a housing including a tapered outer surface; 

one or more grooves formed in the tapered outer surface; and 
a grease supply chamber in the housing; 

a conduit from the grease supply chamber to one or more ofthe grooves; and 
means for forcing grease from the grease supply chamber trough the conduit to one or more ofthe 
grooves. 

20. The self-lubricating expansion mandrel of claim 1 9, wherein the one or more grooves comprise 
circumferential grooves. 

21 . The self-lubricating expansion mandrel of claim 19, wherein the grooves comprise axial grooves. 

22. The self-lubricatmg expansion mandrel of claim 19, wherein the grooves comprise a psttem of 
grooves with both an axial and a circumferential component. 

23. The self-lubricating expansion mandrel of claim 22, v^dierein the pattern of grooves comprises a 
textured surface. 
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(57) Abstract: A self-lubricaUng expansion mandrel includes a system for lubricating the interfecc between the self-lubricating 
expansion mandrel and a tubular membier during the radial expansion of the tubular member. 
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SELF-LUBRICATING EXPANSION MANDREL FOR EXPANDABLE TUBULAR 
Cross Reference To Related Applications 
(0011 The present ^plication claims fte benefit of the filing dates of (1) U.S. provisional patent 
application serial no. 60/412,544, attorney docket no 25791.121, filed on 9/20/2002, the disclosure of 
which is incorporated herein by reference. 

[002] The present ^plication is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, G^) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent no. 6,328,1 13, (5) U.S. 
patent application serial no. 09/523,460, attorney docket no. 25791.1 1 .02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent q)plication serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. 
patent q}plication serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent q)plication serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent applicati<Mi serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7^/2000, (1 1) 
U.S. provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1W9, (12) U.S. provisional patent application serial no. 60/1 54,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
2579134, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791 .36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/1 59,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application 
serial no. 60/165,228, attorney docket no. 2579139, filed on 11/12/1999, (18) U.S. provisional patent 
q)pIication serial no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional 
patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. 
provisional patent application serial no. 60/233,63 8, attorney docket no. 2579 1 .47, filed on 9/1 8/2000, (2 1) 
U.S. provisional patent application serial no. 60/237,334, attorney docket no, 25791.48, filed on 
10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney docket no. 25791.50, 
filed on 2/20/2001, (23) U.S. provisional patent application serial no. 60/262,434, attorney docket no. 
25791.51, filed on 1/17/2001, (24) U.S. provisional patent application serial no. 60/259,486, attorney 
docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application serial no. 60/303,740, 
attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional patent application serial no. 
60/313,453, attorney docket no. 25791.59, filed on 8/20/2001, (27) U.S. provisional patent application 
serial no. 60/317,985, attorney docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent 
application serial no. 60/3318,386, attorney docket no. 25791.67.02, filed on 9/10/2001, (29) U.S. utility 
patent application serial no. 09/969,922, attorney docket no. 25791.69, filed on 10/3/2001, (30) U.S. utility 
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patent application serial no. 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (31) U.S. 
provisional patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on 12/27/2001, 
(32) U.S. provisional patent application serial no. 60/346,309, attorney docket no 25791.92, filed on 
1/7/2002, (33) U.S. provisional patent application serial no. 60/372,048; attorney docket no. 25791.93, 
filed on 4/12/2002, (34) U.S. provisional patent application serial no. 60/380,147, attorney docket no. 
25791.104, filed on 5/6/2002, (35) U.S. provisional patent application serial no. 60/387,486, attorney 
docket no. 25791.107, filed on 6/10/2002, (36) U.S. provisional patent application serial no. 60/387,961, 
attorney docket no. 25791.108, filed on 6/12/2002, (37) U.S. provisional patent application serial no. 
60/394,703, attomey docket no. 25791.90, filed on 6/26/2002, (38) U.S. provisional patent application 
serial no. 60/397,284, attorney docket no. 25791.106, filed on 7/19/2002, (39) U.S. provisional patent 
application serial no. 60/398,061, attomey docketno. 25791.110, filed on 7/24/2002, (40)U.S.provisi(Hial 
patent application serial no, 60/405,610, attomey docket no. 25791.119, filed on 8/23/2002, (41) U.S. 
provisional patent application serial no. 60/405,394, attomey dodcet no. 25791.120, filed on 8/23/2002, 
(42) U.S. provisional patent application serial no. 60/412,542, attomey docket no. 25791.102, filed on 
9/20/2002, (43) U.S. provisional patent application serial no. 60/412,487, attomey docketno. 25791.1 12, 
filed on 9/20/2002, (44) U.S. provisional patent application serial no. 60/412,488, attomey docket no. 
25791.114, filed on 9/20/2002, (45) U.S. provisional patent application serial no. 60/412,177, attomey 
docketno. 25791.1 17, filed on 9/20/2002, (46) U.S. provisional patent application serial no. 60/412,653, 
attomey docket no. 25791.1 18, filed on 9/20/2002, (47) U.S. provisional patent ^plication serial no. 
60/412,544, attomey docket no. 25791.121, filed on 9/20/2002, (48) U.S. provisional patent application 
serial no. 60/412,196, attomey docket no. 25791.127, filed on 9/20/2002, (49) U.S. provisional patent 
^plication serial no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/2002, and (50) U.S. 
provisional patent application serialno. 60/412,371, attomey docketno. 25791.129, filed on 9/20/2002, tiie 
disclosures of which are incorporated herein by reference. 

Background of the Invention 
[003] This invention relates generally to wellbore casings, and in particular to wellbore casings that are 
formed using expandable tubing. 

[004] Conventionally, when a wellbore is created, a number of casings are installed in tiie borehole to 
prevent coUsqyse of the borehole wall and to prevent undesired outflow of drilling fluid into tiie fmnation 
or mflow of fluid from the formation into the bordiole. The bordiole is drilled in intervals whereby a 
casmg which is to be mstalled in a lower bordiole interval is lowered through a previously installed casing 
of an upper borehole interval. As a consequence of Ais procedure die casing of the lower mteival is of 
smaller diameter than the casing of the upper interval. Thus, tiie casings are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement annuli are provided between tfie outer 
surGices of the casings and the borehole wall to seal the casings fix>m the borehole waU. As a consequence 
of this nested arrang^ent a relatively large borehole diameter is required at the upperpait of the wellbore. 
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Such a large borehole diameter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling rig tune is 
involved due to required cement pumpmg, cement hardening, required equipment changes due to large 
variations in hole diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

[005] Conventionally, at die surface end of the wellbore, a wellhead is formed that typically includes a 
surface casing, a number of production and/or drilling spools, valving, and a Christmas tree. Typically the 
wellhead further includes a concentric arrangement of casings including a production casing and one or 
more intermediate casings. The casings are t^ically supp(»rted using load bearing slips positioned above 
the ground. The conventional design and construction of wellheads is expensive and complex. 
[006J Conventionally, a wellbore casing cannot be formed during the drilling of a wellbore. Typically, 
the wellbore is drilled and then a wellbore casing is formed in the newly drilled section of the wellbore. 
This delays the completion of a well. 

[007] The present invention is du^cted to overcoming one or more of the limitations of the existing 
procedures for forming wellbores and wellheads. 

Summary Of The Invention 
[008] Accordinjg to one aspect of the present inv^tion, a self-lubricating expansion mandrel for 
expanding a tubular member is provided tiiat includes a housing having a tapered outer surface, one or 
more grooves formed in the tq)ered outer surface, and a solid lubricant deposited into one or more of the 
grooves. 

[009] According to one aspect of the present invention, a self-lubricating expansion mandrel fat 
expanding a tubular member is provided that includes a housing having a tapered outer sur&ce, one or 
more grooves formed in the tapered outer surface, and a self-lubricating fihn deposited onto the sur&ce and 
into one or more of the grooves. 

[0010] According to one aspect of the preset invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing havmg a tapered outer surface, one or 
more grooves formed in the tapered outer sur&ce, and a flucHopolymer coating deposited onto die sur&ce 
and into one or more of the grooves. 

[0011] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, one or 
more grooves formed in the tapered outer surface, and a thermo-sprayed coating deposited onto the surface 
and into one or more of the grooves. 

[0012] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tabular member is provided that includes a housing having a tapered outer surface, a pattern of 
grooves fomied in the tapered outer surface, and a solid lubricant deposited into the pattern of grooves. 
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[0013] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a pattern of 
grooves formed in the t£q>ered outer suifiace, and a self-lubricating film deposited onto the surface and into 
die a pattern of grooves. 

[0014] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that mdudes a housing having a tapered outer surface, a pattoi of 
grooves formed in the tapered outer surface, and a fluoroplymer coating deposited onto the sur&ce and into 
the pattern of grooves. 

[0015J According to one aspect of the present inventicMi, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a pattern of 
grooves formed in the tapered outer surface, and a thermo-sprayed coatmg dq)osited onto die surface and 
into die pattern of grooves. 

[0016] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
e3q)anding a tubular member is provided that includes a housing having a tapered outer surface, a textured 
surface fimned in the tapered outer surface, and a solid lubricant deposited into the textured sur&ce. 
[0017] According to <Mie aspect of the present mvention, a self-lubricating expansion mandrel for 
^panding a tubular member is provided that includes a housing having a tapered outer surface, a textured 
surface formed in the tapered outer surface, and a self-lubricating film dq)osited onto the textured surface. 
[0018] According to one aspect of the present invention, a self-hibricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a textured 
surface formed in die tapered outer surface, and a fluoropolymer coating deposited onto the textured 
surface. 

[0019] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer sur&ce, a textured 
surface formed in the tapered outer sur&ce, and a dieimo-sprayed coating deposited onto the textured 
sur&ce. 

[0020] According to anotiier aspect of ttie invention die grooves, pattern or textured sur&ce comprises 
widi troughs to having depths of between 1 and 4 microns deep and die diin film is deposited into the 
trough- 

[0021] According to anodier aspect of the mvention die grooves, pattern or textured sur&ce comprises 
trougfis to having depdxs of between 10 and 50 microns deep and the flouropolymer coating is dq)osited 
into die troughs. 

[0022] According to anodier aspect of tiie invwition die grooves, pattern or textured surface comprises 
troughs to having depdis of between 50 and 1 50 microns deep and the tiienno-sprayed coating is d^>osited 
into the troughs. 
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[00231 According to ancrther aspect ofthe present invention, a meftod of expan a tubular meniber in 
a wellbore is provided fliat includes fwcing a lubricating grease from inside the expansion mandrel to the 
interface between the tubular member and the mandrel vAile the tubular member is being expanded by the 
mandrel within the wellbore. 

[00241 According to one aspect of the present invwition, a self-lubricadng expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered out^ 
grooves formed in the lapcred outer surfece, and one or more grease flow passages connected through the 
housing to one or more of flie grooves. 

(00251 Acconling to one aspect of the present invention, a self-lubricatmg expansion mandrel for 
expandmgatubular member is provided that includesahousinghavingatapaedoute^ 
giooves formed in the tapered outer surface, and one or more grease flow passages connected through the 
housing to one or more of the grooves and means for forcing a lubricatmg grease througji the grease flow 
passages into flie grooves formed on flie tapped outer surface of the mandrel. 

(00261 According to another aspect of the present invention, a self-lubricating expansion mandrel for 
expandmg a tubular member is provided that includes a housing having an outer tapered surEace inchiding, 
one or more circumferential grooves formed in the out^ surface of the tapered first end, and one or more 
grease flow passages connected ttirough the mandrel housing to flie grooves, and means for forcing a 
lubricating grease Arough the grease flow passages into the one or more circumfCTential grooves formed on 
the surface of tiie mandrel. 

(00271 According to another aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing including an outer surface having one or 
more axial grooves formed in the outer surface of the tapered middle, and one or more grease flow 
passages connected Arough Ae mandrel housing to the grooves, and means for forc^^ 
through flie grease flow passages into the one or more fflcial grooves fonned on the surfece of the mandrel. 
[00281 According to another aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having an outer surfece mcluding one or 
mwe grooves formed in the outer tapered surface and furttier having a textured pattern comprising axial 
and circumferential components, and one or more grease flow passages connected to the grooves, and 
means for forcing a lubricating grease through the grease flow passages into grooves formed on the surfece 
of die mandrel. 

Brief Description of the Drawings 
(00291 FIG. 1 is a fragmentary cross-sectional view illustrating the placement of an embodiment of an 
apparatus for creating a casing within a new tubular member section of a well borehole, an expansion 
mandrel and the injection of a fluidic material into a new tubular section of the well borehole for 
hydrauUcly moving the expansion mandrel through and thereby expanding the tubular member. 
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[0030] FIG. 2 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a horizontal or circumferential groove foi: retaining grease, a flouropolymer, a 
tfaermo-sprayed coadng, a thin self*lubricating film or another solid lubricant, according to certain aspects 
of the invention. 

[0031] FIG. 3 is a fragmratary cross-sectional view of another alternative embodiment of a self- 
lubricating expansion mandrel according to certain aspects of the invention. 

[0032] FIG. 4 is a fiagmrataiy cross-sectional view of another ahemative mbodiment of a self- 
lubricating expansicm mandrel according to certain aspects of the invention. 

[0033] FIGS. SA-E are examples of groove or texture patterns diat may be used according to certam 
aspects of th present invention. 

[0034] FIGS. 6A-E are exaii4)lesofsurface profiles that may be useful according to cei^ 
present invention. 

[0035] FIG. 7 A-C is a schematic depiction a single exemplary trou^ or groove of a pattern or textured 
surface of a self-lubricating expansion mandrel subjected to a series of steps for 7A forming the trough, 
7B depositing a thin self-lubricating film, and 7C retaining the self-lubricating fihn in the trough for the 
self-lubricating expansion mandrel. 

[0036] FIG.8A-C is a schematic depiction a single exemplary trough or groove of a pattern or textured 
surfiace of a self-lubricating expansion mandrel subjected to a series of steps for. 8A forming the trough, 
8B depositing a flouropolymer coating, and 8C retaining the flouropolymer coating in the trough for the 
self-lubricating expansion mandrel. 

[0037] FIG.9A-C is a schematic dq>iction a smgle exemplary trough or groove of a pattern or textured 
smftce of a self-lubricating expansion mandrel subjected to a series of st^s fon 9A forming &e trough, 
9B depositing a diermo-sprayed coating, and 9C retaining the thenno-sprayed coating m Ae trough for tiie 
self-lubricating expansion mandrel. 

[0038] FIG. 10 is a fragmentary cross-sectional view of one alternative mbodiment of a self lubricatmg 
e^qumsion mandrel having a grease delivery mechanism, and a horizontal groove for receiving, retaining 
and providmg grease to the sur&ce of a self-lubricating expansion mandrel according to certain aspects of 
tiie invention. 

[0039] HG. 1 1 is a fiagmentaiy cross-sectional view of one eltema&ve embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a groove pattern with circumferential and 
axial components for receivmg, retaining and providing grease to the surface of a self-lubricating 
expansion mandrel accordmg to certmn aspects of the invention. 

[0040] HG. 12 is a fragmratary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a groove and a textured surface pattern for 
receiving, retaining and providing grease to the surface of a self-lubricating e3q)ansion mandrel according 
to certain aspects of the invention. 
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DetaOed Description of the Dlnstrative Embodiments 
100411 A self-lulwicating expansion mandrel is provided. In a exemplary implementation, tiie self- 
lubricating expansion mandrel is used in conjunction with one or more meliiods for expanding tubular- 
members. In tiiis manner, the expansion of a plurality of tubular members coupled to one anoflier using die 
self-lubricating expansion mandrel may be (qitimized. 

(0042) Alternative embodiments of a self-hibricating expansion mandrel is also provided to form a self- 
lubricating expansion mandrel. In illu^tive implementations, the self-lubricating expansion mandrel 
includes one or more circumferential grooves, one or more axial grooves, both circumferential and axial 
grtxjves, one or more puttenis of grooves having circumferential and axial components of length and width, 
and/or surfece textures for holding and providing a supply of grease. soUd lubricant, Ihermo-sprayed 
coatings, fluoropolymer coatings, and/or self-lubricating films to surface of the self-lubricating expansion 
mandrel and to the interface between the tapered outer surfece of the self-lubricating expansion mandrel 
and a tubular member during the radial expansion process. In this manner, fte Actional forces created 
during the radial expansion process are reduced which results in a reduction in the required operating 
pressures for radially expanding the tubular member. The depth of the grooves, patterns, or textured 
surfece is selected to feoililate maintaining the supply of lubrication through a period of the expansion 
process depending in part upon the type of lubrication whether grease. soUd lubricant, thenno-sprayed 
coadng, fluoropolymw coating or &in self-hibricating fihn. 

[00431 In several alternative embodhnents, the apparatus and methods are used to form and/or repair 
wellbore casings, pipelines, and/or structural supports. 

[0044] Referring initially to FIGS. 1-4, embodiments of improved apparatus and method using a self- 
hibricating expansion mandrel for forming a weUbore casing within a subterranean formation wiU now be 
described. 

[0045) FIG. 1 is a fiagmentary cross-sectional view iUustrating die placement of an embodiment of an 
apparatus for creating a casing within a new tubular member section of a well borehole, an expansion 
mandrel and the injection of a fluidic material into a new tubular section of the weU borehole for 
hydrauUcly moving tiie expansion mandrel tiirough and tiiereby expanding the tubular member. As 
mustrated. a wellbore 100 is positioned in a subtenanean formation 105. TTie wellbore 100 mcludes an 
existing cased section 1 10 having a tubular casing 115 and an annular outer layer of cement 120. 
[0046] Inorderto extend flie wellbore 100 into the subterranean formation 105. a drill string 125 is used 
in a well known mamierto driU out material from the subterranean formation 105 to form a new section 
130. 

[00471 AsiUustrated,anapparatus200forformingaweUborecasinginasubterraneanformationislhen 

positioned in tiie new section 1 30 of die wellbore 1 00. The apparatus 200 includes an expansion mandrel 
205,atubularmember210,ashoe215.alower cup seal 220,an upper cup seal 225,a£luidpassage230,a 

fluid passage 235, a fluid passage 240, seals 245, and a support member 250. 
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10048] The expansion mandrel 205 is coupled to and supported by the support member 250. The 
expansion mandrel 205 is preferably adapted to controllably expand in a radial direction. The expansirai 
mandrel 205 may comprise any number of conventional commercially available raqjansion mandrels 
modified in accordance with the teachings of the present disclosure to form a self-lubricating ejqiansitm 
mandrel 205 . In an illustrative embodiment, the expansion mandrel 205 comprises a hydrauUc expansion 
tool as disclosed in U.S. Patent No. 5348,095, the contents of which are incorporated hereb by reference, 
modified in accordance wift Ae teachings of present disclosure. 

[00491 Tlietubularmember2l0issupp<Mledbyflieself-lubricatingepq)ansionmandrel205. Thetubular 
member210 is expanded in the radial direction and extruded ofif of the self-tobricating expansion mandrel 
205. Tlietubularniember210maybefebricalBdfix)manynumb«»ofconveiiti<malconune^ 
materials such as, for example. Oilfield Country T^bularC3oods(OCTG). 13 dux)mhmi steel tubingfcasing, 
or plastic tubing/casing. In apreferredembodiment,the tubular member210 is febricatedfixan OCTG in 
Older to nnaimize strength after expansion. The inner and outer diameteis of the tubule 
nmg^ for example, from appiradmately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a 
prefened embodiment, the inner and outer diameters of the tubular member 2 1 0 range from about 3 to 1 5 .5 
inches and 3.5 to 16 inches, respectively in order to optimaUy provide minimal telescoping effect in the 
most commonly drilled wellbore sizes. The tubular member 210 preferably comprises a solid member. 
[0050] Li a preferred embodiment, the end portion 260 of the tubular member 2 10 is slotted, perforated, or 
otherwise modified to catch or slow down the mandrel 205 when it completes the extrusion of tubular 
member 210. to apreferred embodhnent, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of the tubular manber.210 is 
preferably limited to between about 40 to 20,000 feet in length. 

[00511 The shoe 215 is coupled to the self-lubricating expansion mandrel 205 and the tubular member 
210. The shoe 21 5 includes fluid passage 240. The siloe 21 5 may comprise any number of conventional 
commercially avaihible shoes such as, for example. Super Seal H float shoe. Super Seal H Down-Jet float 
shoe oraguidedwewilhasealmg sleeve foralatch down plugmodified in accordance 
of the presentdisclosure.toapr«feired embodiment, the dioe215a)mprisesanahmiinumdo^^ 
shoe with asealingsleeve for a latch-down plug available from HalhT)UrtoaEneigy Services in Dallas, 
modified in accordance withtbeteachmgs of the presentdisclosure, in oiderto optimally gnideftetubular 
member 210 in the wellbore, optimally provide an adequate seal between the interior and exterior 
diameteraoftheoveriappingjoint between the tubular members, and to optimally aUow the ^ 

out of the shoe and plug after flie cranpl^ of Ae cementing and ejqmaon (q)erations. 
[00521 The shoe 215 illustrated m Fig. 1. includes one or more through and side outlet ports in fluidic 
communication with the fluid passage 240. fa this numner. the shoe 215 optimally injects hardenable 
r,..zj: ^.rfe^'oi mirinn niitsiHe the ^oe 215 and tubular m«nber 210. 

uiuuiv awaii ufi o ^ " 
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[0053] In the embodiments as depicted in FIGS. 2-4. the fluid passage 240 comprising an inlet 

geometry that can receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
optimally sealed off by mtroducing a plug, dart and/or ball sealing elements into the fluid passage 230. . 
[0054] In the illustrative embodiment depicted, a lower cup seal 220 is coupled to and supported by a 
support member 250. The lower cup seal 220 prevents foreign materials fix>m entering die interior region 
of die tubular member 210 adjacent to the self-lubricating expansion mandrel 205. The lower cup seal 220 
may comprise any number of conventional commercially available cup scab such as, for example, TP cups, 
or Selective Injection Packer (SIP) cups modified in accordance witii the teachings of the present 
disclosure. In a preferred embodunent, the loww cup seal 220.comprises a SEP cup seal, available fix)m 
Halliburton Energy Services in Dallas, TX in order to optimally blodc foreign material and might also 
contain a body of lubricant adjacent to die expansion mandrel. 

[0055] The upper cup seal 225 is coupled to and supported by the support member 250. Tlie upper cup 
seal225 prevaitsforeignmaterialsfromenteringtheinteriOTrcgionof1hetubularm«nber210. Theuppo" 
cup seal 225 may comprise any number of conventional commercially available cup seals such as, for 
example, TP cups or SIP cups modified in accordance with the teachings of flie present disclosure. In a 
prefened embodiment, the upper cup seal 225 comprises a SIP cup, available fix)m Halliburton Energy 
Services m Dallas, TX in order to optimally block the entry of foreign materials and contain a body of 
lubricant 

[0056] The fluid passage230permitsfluidicmaterialstobetransported to and from the interior region of 
die tubular member 210 below. the self-lubricating ejqpansion mandrel 205. The fluid passage 230 is 
coupledtoand positioned within the support mmber 250 and the self-lubricating expansi(Mi mandrel 205. 
The fluid passage 230 preferably extends from a position adjacent to the surface to the bottom of the self- 
lubricating expansion mandrel 205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

[0057] The fluid passage 240 permits fluidic materials to be transported to and from the region exterior to 
die tubularmember 21 0 and shoe 21 5. The fluid passage 240 is coupled to and positioned within flie shoe 
215m fluidic communication witii die interior region of die tubular member 2 1 0 below flie self-lubricating 
expansion mandrel 205 . The fluid passage 240 preferably has a cross-sectional shq>e fliat peraiits a plug, 
or odier similar device, to be placed in fluid passage 240 to tiiereby block fiuther passage of fluidic 
matmals. In tiiis manner, tiie interior region of die tubular member 210 below die self-lubricating 
expansion mandrel 205 can be fluidicly isolated from die region exterior to die tubular member 2 1 0. This 
permits die interior region of die tubular member 2 1 0 below die self-lubricating expansion mandrel 205 to 
be pressurized. The fluid passage 240 is preferably positioned substantially along die centerline of die 
s^paratus 200. 

[0058] Tlie fluid passage 240 is preferably selected to convey materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 0 to 3,000 gjUlons/minute and 0 to 9,000 psi in 
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order to optimally fill the annular region between the self-lubricating expansion mandrel and the tubular 
section so that the tapered or expansion conical surfece of the mandrel is forced against &e inside diameter 
of flie tubular section to thereby expand the tubular member to the size of the maximum diameter of the 
self-lubricating expansion mandrel. 

10059] Pumping the fluid hydiaulically forces the octerior tapered or conical surface of the self- 
lubricating expansionmandtelintodirectslkiingcontactwilh&eroofthetubularmanberasflie 
of the tubular membea- is plastically deformed b^d the elastic lunit of the tubular member tiiereby 
pennanentiy deforming tiie tubular member to a larger diameter. Mgnificant preaure and heat are gaierated 
at the mterfece betwe«i Ae tubular member and the surface of the self-lubricating eq)ansion mandrel. 
The use of a self-lubricating expansion mandrel reduces Ae firiction and fecilitates the prevention of 
gallmg as a result of mstantancous surfece to suifece "welding^' and subsequent relative movement that 
can occur whai two metals slide under high pressure vnfliout lubrication. 

10060] The self-lubricating eqpansion mandrel provides grooves ortroughs in atextured surfecelhatare 
below the surfece to suifece inteifece contact area of the expansion mandrel, these troughs or grooves are 
filled wiAgreaseorwflimataialslhatare solid under normal heat and pressure conditions and tiiatact as 
htbricants under high temperature and pressure conditions. Being solid or having a very high viscosity 
such as witii grease, aUows fee hibricant to be retained widiin tiie groove or Irou^ die relative motion and 
extrane pressure between die mandrel and the tubular member cause smaU quantities of die material ta 
move between die interfece contacting surfaces to act as a lubricant. The grooves or trou^ act as relative 
low pressure areas on flie interfece surfece so diat a substantial quantity of die lubricant continues to be - 
retained during die expansion. Only small quantities are required to avoid metal to metal contact at die 
solid lubricant until interfece. 

[0061] TTie self-lubricating expansion mandrel 205 preferably has a substantially annular cross section. 
The outside diametCT of die self-lubricating c3q)ansion mandrel 205 is preferablytaperedfiom a minimum 
diameter to a maxmium diameter to inovide a cone diape ejqpansion surfece. The vrall fludmess of die 
self-lubricating expansion mandrel 205 range, for example fiom about 0.125 to 3 inches. In a 
preferred embodimoit, fte waU diidmess of die self-lubricating ejqarision mandrel 205 rai^ fiom 
about 025 to 0.75 inches m order to qrtimalfy provide adequate cwnpressive stienglh witii minimal 
material The maximum and minimum outside diameteis of die ejqiansion cone 928 may range, for 
exampUt, fiom about 1 to 47 indies. In a [»efened anbodunent, die maximum and mmimum outside 
diameteis of die self-lubricating expansion mandrd lang^ from about 3.5 to 19 m order to optimally 
provide e}qMui9on of generally available oilfield tubular members. 

[0062] The self-lubricating expansionmandrel205maybefebricatedftomanynumberof conventional 
commercially avaiUAlemateriaksudi ass, forexample, ceramic tool steel, titanium or low aUoy steel, hia 
preferred embodiment, die self-hibricating evnansioo mandrel 205 is fabricated fiom tool steel in order to 
optimally provide high sbxsngdi and abrasion resistance. Tlie surfiice hardness of die outer surface of die 
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self-lubricating expansion mandrel may range, for example, from about 50 Rockwell C to 70 Rockwell C. 
In a preferred embodiment, tiie surface hardness of die outer surface of self-lubricating expansion 
mandrel 205 ranges from about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
streagdi. In a preferred embodiment, the self-lubricating expansion mandrel is heat treated to optimally 
provide a hard outer sur&ce and a resiUent interior body in order to optimally provide abrasion resistance 
and fracture tou^ess. 

[0063] FIG. 2 is a fragmentary cross-sectipnal view of one altenudve embodunent of a self lubricating 
expansion mandrel havmg one or more circumferential grooves 12 for retaining and distributing grease, cm: 
another solid lubricant, according to certain aspects of die invention. Large and deep grooves are desirable 
for retaming sufficient quantities of grease. Progressively smalls and more shallow grooves are desfarable 
for letaining a fluoropolymer material, a thenno-sprayed coating, and a thin self-lubricating film. 
[0064] FIG. 3 is a fragmentary cross-sectional view of another alternative embodunent of a self- 
lubricating expansion mandrel having one ormwe axially aligned grooves 14 for retaining and distributing 
grease, or another solid lubricant, according to certain aspects of the invention. Large and deep grooves are 
desirable for retaining sufficient quantities of grease. Progressively smaller and more shallpw grooves are 
desirable for retaining a fluoropolymer material, a thermo-sprayed coating, and a tiiin self-lubricating fitai 
according to certain 

[0065] FIG. 4 is a fragmentary cross-sectional view of another alternative embodiment of a self- 
lubricating esqiansion mandrel having a pattern of grooves 16 with circumferential and axial components 
for retaining and distributing grease, or anotiier solid lubricant, according to certain aspects of the 
inventicHi. Large and deep gnx)ves are desirable for retaining sufficient quantities of grease. Progressively 
smallCT and more shallow grooves are desirable for retaining a fluoropolymer material, a thenno-sprayed 
coating, and a thin self-lubricating fihn according to certain aspects of die invention. 
[0066] FIGS. 5A-E are examples of groove or texture pattmis 16A-16E tiiat may be used according to 
certain aspects of tfa present invention. 

[0067] FIGS. 6A and 6B are examples of surfece profiles 18A and 18B that may be useful according to 
certain aspects of the present invention. 

[006S] Fig 6A depicts a surface profile that comprises large and small troughs 20 and 22, respectively, 
that may be regulariy repeated to provide onex)f die patterns 16A-16E as in FIGS 5 A-E or ottier patterns. 
[0069] Fig. 6B depicts a surface profile that comprises generally regular or uniform peaks 24 and 
troughs 26. The troughs 26 and peaks 24 are depicted as relatively equal in size and number, however it 
will be understood tiiat many of the patterns 16 of grooves or troughs contemplated will provide 
significantly more contact surface area 28 than die total of aU area covered by the troughs. Hie contact 
pressure is not significantiy increased by the removal of metal contact area dirough die formation of 
grooves^ a pattern or a textured surface. 
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[0070] FIGS.7A-C schematic^ydepicttheformationof a single exemplary trough .30 or groove of a 
pattern 16 or textured surface comprising a plurality of such grooves or trougihs to form the tapered outer 
expansion sur&ce 32 of a self-lubricating expansion mandrel 205 where the solid lubrication is provided 
by the deposition of a thin self-lubricating film 34. Such films may comprise Balinic C or other diamond- 
like-coating (PLC) preferably deposited as a tightly bonding sur&ce coating having a thicknesses of less 
than about 5 microns. The grooves or troughs 30 of FIGS 7 A-C are preferably in the range of fit>m about 
I micron to 4 microns deep 36 and ftom about 1 micron to about 4 microns wide 38 to fecilitate holdmg a 
quantity of the deposited thin self-lubricating fihn 34 widiin the grooves or troughs 30. A portion will be 
retained even wifli and below flie metal contacting tapered surface 32. FIG. 7A depicts forming tfie trough 
30 into the tapeied surfece 32. FIG. 7B depicts depositing a thin self-lubricating fihn 34 between about 1 
and 4 microns thidc 35 and m an exemplary embodiment are of even thickness with or slightly thicker than 
the trough 30 is deep 36, FIG. 7C depicts a quantity ofthe self-lubricating film 34 retained m the trough 
30, after final machining ofthe tapered surface 32, for providing botii the metal contacting areas 32 and a 
retained quantity of self-lubricating fihn material 34. During expansion of a tubular member 210, the 
lubrication is provided from the trou^ 30 to the tapered e^qpansion surface 32 ofthe self-lubricating 
expansion mandrel 205. 

(0071) FIG. 8A-C schematically depict the formation of a single exemplary trough _40 or groove of a 
pattern 16 or textured surfece comprising a plurality of such grooves or troughs form into a tapered 
expansion surface 42 of a self-lubricating expansion mandrel 205 where the solid lubrication is provided 
by tiie deposition of a fluoropolymer coating 44. Fluoropolyma^ materials such as PTFE, molybdenum 
disulfide, or graphite, that are solid at ambient temperatures and soft relative to the metal tapered surface 
42 ofthe self-lubricatmg expansicMi mandrel 205, may be used for this purpose. The deposit Aickness 45 
of such coatings 44 may be in the range of from 1 0 to SO miorons and m an exemplaiy embodiment are at 
least as thick as the grooves or troughs are deep 46. Tlie grooves or troughs 40 of FIGS 8A-C are 
preferably m the range of fiom about 10 micron to 50 microns deep 46 and from about 10 micron to about 
50 microns wide 4 8 and thus designed for the dq>ositi(m and retention of a fluoropolymer coating 44 . FIG. 
- SAdepicts foiinmgthetrough40into1faet^>eredsur&ce42. FIG. 8B depicts depositing a fluoropolymer 
coating 44 between about 1 0 and SO mimns thick 45 and in an exemplaiy embodimentare at least as fliidc 
or tbidcerflian the trough is deep 46. FIG. 8C depicts a quantitythe fluoropolymer coating 44 retained in 
die trough 40, after final machining of flie tapmd sur&ce 42, fi)r providing both the metal contacting areas 
42 and a retained quantity of fluoropolymer coating material 44. During expansion of a tubular member 
210, the lubrication is provided firnn the trough 40 to the tapered expansion surface 42 of the self- 
lubricating expansion mandrel 205. 

[00721 FIG. 9 A-C schematically depict the formation of a single exemplary trougji 50„ or groove of a 
pattern 16 or textured surface comprising a plurality of such grooves or troughs formed into a tapered 
expansion surfece 52 of a self-lubricating expansion mandrel 205 where the solid lubrication is provided 
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by tfie deposition of a fluoropolymer coating 54. The grooves or troughs SO of FIGS. 9A-C are, in an 
exemplaiy embodiment, in the range of fix)m about 50 micron to 1 SO microns deep 56 and fix>m about SO 
micron to about 150 microns wide 58 Ifaus designed for the deposition and retention of a thermo-sprayed 
coating 54. FIG. 9A depict forming the trou^ SO into the tapered surface 52. FIG. 9B depicts depositing 
a thenno-sprayed coating (as by detonation spray) between about 50 and 150 miorons thick and, in an 
exemplary embodiment, are at least as thick or thicker than the trough is deep. FIG. 9C depicts a quantity 
the thmno-sprayed coating 54 retained in the trough SO, after final machining of die tapped surface 52, for 
providing both the metal contacting areas 52 and a retained quantity of the tfaermo-sprayed coating 
material 54. During expansion of a tubular member 210, the lubricati(m is provided fiom the trough 50 or 
groove to the tapered expansion sur&ce 52 of tiie self-lubricating expansion mandrel 205. 
(0073] FIG. 1 0 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a circumferential groove 12 for receiving, 
retaming and providing grease 61 to Ae sur&ce 62 of a self-lubricating expansion mandrel 205 accordmg 
to ceitam aspects of the invention. The grease delivery mechanism 60 comprises a grease supply chamber 
64 within the housing of Ae self lubricating expansion mandrel and one or more grease passages 68 from 
the grease supply chamber 64 to the outer tsqiered surface 62 of the self lubricating expansion mandrel 
205 . Pressure witfam passage 230 may communicate with the grease supply diamber 64 to force grease into 
the grooves 12 when the self lubricatmg expansion mandrel 205 is acting, by the hydraulic forces as 
described with regard to Fig 1 above, to expand the tubular member 210. 

[0074] FIG. 1 1 is a fragmentary cross^sectional view of one alternative embodiment of a self lubricating 
expansion mandrel 205 having a grease deliveiy mechanism 70, and a groove pattern 16 with 
circumferential and axial components for receiving, retaining and providing grease to the surface 72 of a 
self-lubricadng expansion mandrel 205 according to certain aspects of the invention. The grease delivery 
mechanism 70 comprises a grease supply chamber 74 within the housing of the self lubricating expansion 
inandrel and one or more grease passages 78 fix)m the grease supply chamber 74 to the pattern of 
git)0vesl6 fonned in die outer tapered surface 72 of the self lubricating expansion mandrel 205. In tiiis 
ahemative embodiment, pressure 86 may be separately supplied throu^ a separate pressure line 80 to 
actuate a mechanism 84 such as a piston within the grease supply chamber 74 and to force grease through 
the one or more grease passages 78 into the groovesl 6. The pressure 84 in the separate pressure line may 
be controlled to mcrease or decrease the amount of grease 71 delivered to the t^red surface 72 and to 
overcome pressures as might be created at the interface of the tapered surface 72 of the mandrel and the 
tubular member 210 vs^ien the self lubricating expansion mandreCOS is acting to expand the tubular 
members 210. 

10075] FIG. 12 is a fragmentary cross-sectional view of one alternative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism 90, and agroove 12 and a textured surface pattern 
16 for receiving, retaming and providing grease to the tapered surface 92 of a self-lubricating expansion 
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mandrel 205 according to certain aspects of tbe invention. Hie combination of grease delivery mechanism 
90, groove 12 at the leading edge 94 of the tapered surface 92 and ttie textured pattern 16 extending from 
the groove 12 toward the trailing edge 96 ofthe tapered sur&ce of the self-hibricatinge}q[)ansion mandrel 
205 facilitates movement of lubrication to the area on die tapered surfece i^ere the clearance between 
tubular and mandrel is minimum and expansion contact forces are found to by the greatest, thereby 
reducing friction and reducing seizing or galling. 

[0076] The lubrication of the inter&ce between an self-iubricatmg e:q>ansion mandrel and a tubular 
mmber during the radial expansion process will now be described. During the radial expansion process, a 
self-lubricating expansion mandrel radially e^qpands a tubular member by moving in an axial direction 
relative to the tubular member The interlace between die outer surface of die tapered portion of the 
e}q)ansion cone and die inner surface of the tubular member includes a leading edge portion and a trailing 
edge portion. 

[0077] During die radial expansion process, the leading edge portion is lubricated by the presence of 
lubrication provided on the surface of the expansion cone . However, because die radial clearance between 
the expansion cone and the tubular member in the trailing edge portion during the radial expansion process 
is typically extremely small, and the operating contact pressures between the tubular member and the self- 
lubricating expansion mandrel are extremely high, the quantity of lubricating fluid provided to the trailing 
edge portion is typically greatiy reduced. In typical radial expansion operations, this reduction in 
lubrication in the trailing edge portion increases the forces required to radially expand the tubular member. 
However the retained solid lubrication continues to provide a small quantity of lubrication to keep the 
metal to metal interface separated and to reduce the friction. 

[0078] An unproved self-lubricating expansion mandrel may be useful for peimitting a wellbore casing to 
be formed in a subterranean formation by placing a tubular member and a self-lubricating expansion 
mandrel in a new section of a wellbore, and then extruding the tubular member off of the self-lubricating 
expansion mandrel by pressurizing an interior portion of the tubular member. The apparatus and mediod 
fiirtfa^ permits adjacent tubular members in the wellbore to be jomed using an overlappmg joint diat 
prevents fluid and or gas passage. The apparatus and mediod further permits a new tubular member to be 
supported by an existing tubular member by expanding the new tubular member into engagement whh die 
existing tubular member. The apparatus and method fiuther *nmtmfag>g the reduction in die hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
[0079] An improved self-lubricating expansion mandrel may be useful for pemutting atie*back liner to be 
created by extrudmg a tubular member off of a mandrel by pressurizing and interior portion of the tubular 
memb^. In this manner, a tie-back liner is produced. The apparatus and method further pennits adjacent 
tubular members in the wellbore to be joined using an overlapping joint that prevents fluid and/or gas 
passage. The apparatus and method further permits a new tubular member to be supported by an existing 
tubular member by expanding the new tubular member into engagement with the existing tubular member. 
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[0080] An apparatus and method for expanding a tubular member is also provided that includes an 
expandable tubular member, self-lubricating expansion mandrel and a shoe. In one embodiment, die 
interior portions of the £q)paratus is composed of materials that permit the interior portions to.be removed 
using a conventional drilling apparatus. In fliis marmer, in tiie event of a malfunction in a downhole 
region, the apparatus may be easily removed. 

[0081] An inq)roved seif-lubricating expansion mandrel may be useful for pennitting a tubular lin^ to be 
attadied to an existing section of casing. The apparatus and method further have applicaticm to the joinmg 
of tubular members in general. 

[0082] An inqjroved self-lubricating expansion mandrel may be useful for permitting a wellhead to be 
formed including a number of expandable tubular members positioned in a concentric arrangement The 
wellhead preferably includes an outer casing that supports a plurality of concentric casings using contact 
pressure between the iimer casings and the outer casing. 

[0083] An improved self-lubricating expansion mandrel may be usefiil for permitting for forming a mono- 
diameter well casing. The ^paratus and method permit the creation of a well casmg m a wellb(»e having a 
substantially constant mtemal diameter. In this manner, the operation of an oil ot gas well is greatly 
simplified. 

[0084] An improved self-lubricating expansion mandrel may be useful for isolating one or more 
subterranean zones from one or more otiier subterranean zones is also provided. The apparatus and method 
permits a producing zone to be isolated from a nonproducing zone using a combination of solid and slotted 
tubulars. In the production mode, the teachings of flie present disclosure may be used in combination witii 
conventional, well known, production completion equipment and methods using a series of packers, solid 
tubing, perforated tubing, and sliding sleeves, which wQl be inserted into the disclosed apparatus to permit 
the commingling and/or isolation of the subterranean zones from each other. 

[0085] An improved self-lubricating expansion mandrel may be usefiil for forming a wellbore casmg 
vtbile the wellbcwe is drilled is also provided. In fliis manner, a wellbore casing can be formed 
amultaneous with the drilling out of a new section of the wellbore. Such an q>paratus and mefliod maybe 
used in combiiiation with one or more of the apparatus and methods disclosed in tiie present disclosure for 
fonning wellbore casings using expandable tubulars. Alternatively, the mediod and ^paratus can be used 
to create a pipeline or tuimel in a time efScient maimer. 

[0086] Although illustrative embodiments of the invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
instances, some feature of tiie present invention may be employed without a corresponding use of the 
other features. Accordingly, it is appropriate tiiat the appended claims be construed broadly and in a 
manner consistent with the scope of tiie invention. 
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Claims 

1 . A self-lubricating expansion mandrel for expanding a tubular member, comprising: 
a housing including a t^red outer surface; 

one or more grooves fonned in the tapered outer surface; and 
solid lubricant retained in cme or more of the grooves. 

2. The self-lul)ricating expansion mandrel of claim 1 , wherein the grooves comprise circumferential 
grooves. 

3 . The self-hibricating expansion mandrel of claim 1 , wherein tiie grooves comprise axial grooves. 

4. The self-lubricating expansion mandrel of claim 1, li^min die grooves comprise a pattern of 
grooves with both an axial and a circumferential component. 

5. The self-lubricating expansion mandrel of claim 4, wherein die pattern of grooves comprises a 
textured surface. 

6. Hie self-lubricatmg expansion mandrel of claim 1, wherein the solid lubricant retained m one or 
more of the grooves comprises a self-lubricating fihn. 

7. The self-lubricating expansion mandrel of claim 6, wherein the depth of the grooves is in a range 
of between about 1 and 4 microns. 

8. The self-lubricating e^ansion mandrel of claim 1 , wherein the solid lubricant retained in one or 
more of die grooves comprises a fluoropolymer coating. 

9. The self-lubricating expansion mandrel of claim 8, whmin the depth of the grooves is in a range 
of between about 10 and 50 microns. 

1 0. The self-lubricating expansion mandrel of claim 1 , wherein the solid lubricant retained in one or 
more of the grooves comprises a thermo-sprayed coating. 

1 1 . The self-lubricating expansion mandrel of claim 10, whmin die depdi of die grooves is in arange 
of between about 50 and ISO microns. 

12. A self-lubricating expansion mandrel for ^anding a tubular member, comprising: 
a housing including a tapered outer sur&ce; 

one or more grooves formed in the tapered out^ sur&oe; and 

solid lubricant retained in a plurality of troughs formed in a textured pattern. 

13. The self-lutmcating expansion mandrel of cbum 12, vidierein die solid lubicant reamed m the 
plurality of trou^ formed in a textured pattern comprises a selfrlubricating film. 

14. The self-lulmcating expansion mandrel of claim 13, wherein the dqidi of die plurality of trougfhs 
formed in a textured pattmi is ma range of between about I and 4 microns. 

15. The self4ubricating expansion mandrel of claim 12, wherein the solid lubricant retained in the 
plurality of troughs formed in a textured pattern comprises a fluoropolymer coating. 

16. The self-lubricating expansion mandrel of claim 15, wherein die depth ofthe plurality of trougjis 
formed in a textured pattern is in a range of between about 10 and 50 microns. 
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17. The self-lubricating expansion mandrel of claim 12, Avherein the solid lubricant retained in the 
plurality of troughs formed in a textured pattern comprises a thermo-sprayed coating. 

1 8. The self-lubricating expansion maudrel of claim 12, wherem the depth of the plurality of troughs 
formed in a textured pattern is in a range of between about 50 and 150 microns. 

19. A self-lubricating expansion mandrel for expanding a tubular member, comprising: 
a housing including a tapered outer surface; 

one or more grooves formed in tte t^red outer sur&ce; and 
a grease supply chamber in the housing; 

a conduit from the grease supply chamber to one or more of tiie grooves; and 
means for forcing gr^Eise from the grease supply chamber trough the conduit to one or more of die 
grooves. 

20. The self-lubricating expansion mandrel of claun 19, "therein the one or more grooves comprise 
circumferratial grooves. 

21 . The self-lubricating expansion mandrel of claim 1 9, wherein the grooves comprise axial grooves. 

22. The self-hibricating expansion mandrel of claim 19, >vherein the grooves comprise a pattern of 
grooves with both an axial and a circumferential component. 

23. The self-lubricating expansion mandrel of claim 22, wherein the pattern of grooves comprises a 
textured surface. 
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